Abstract. Maintenance of multi-family buildings is a difficult and complex task, which requires a proper (multi-criteria) assessment of a building's condition as well as determining and planning maintenance costs. It requires from a building administrator to be well experienced and have skills in making decisions, which include a proper investment of limited funds allocated for maintenance. This task is usually preceded by the analysis of cost-effectiveness and validity to perform certain repairs. Taking into account the above the authors proposed a model supporting an administrator in making decisions while determining a scope of building renovation. The system algorithm proposed comprises a few stages including: building condition and its proposed repair evaluation and the choice of renovation variant. It is based on tools such as multicriteria methods to support decisions and linear programming. Calculations conducted using the suggested model allow an administrator to obtain key information for appropriate maintenance of a building, i.e. to determine a renovation variant and its cost as well as a monthly renovation contribution (at assumed number of years) to achieve assumed condition of a building.
Introduction
The way of residential buildings maintenance in Poland does not provide the appropriate level of their maintenance. This is due to legal provisions which impose on the administrator the obligation to maintain the building in an unimpaired condition, but they do not determine either the maintenance standard or the way of its evaluation (The Real Estate Management 1997) . The main problem of improper buildings' maintenance results from the scope of evaluation they are subjected within obligatory control. Buildings are evaluated in terms of a technical condition of structure, finishing, installation and visual environment of a building. This evaluation, however, does not include basic requirements such as structure, utility and fire safety, thermal, acoustic and environmental protection etc. Despite the difficulties that the evaluation of the mentioned criteria poses, many complex methods of evaluating buildings have been developed (Ho et al. 2012; Yau 2008; Kasprowicz 2005) . Many researchers recognized the need to take into account in the building's evaluation additional criteria of economic, social, cultural, ecological and aesthetic aspects (Juan et al. 2009; Mickaityte et al. 2008; Kaklauskas et al. 2005; Zavadskas et al. 1997) .
Incomplete information about building's condition does not provide necessary data to make decisions ensuring an appropriate level of building's maintenance (Christen et al. 2014; Raslanas et al. 2011; Zavadskas et al. 2004) . Appreciable effects of such measures will be visible after some time negligence, which will adversely affect the utility and market value of buildings (Bucoń, Sobotka 2015) . The basic task for improving the quality of buildings' maintenance is complex evaluation of a building's condition. For this purpose various methods are used including multi-criteria support decision making support known in the literature as MADM (Multiple Criteria Decision Making) (Perng et al. 2007; Kaklauskas et al. 2005; Zavadskas et al. 1997 ) and others, ie. LEED, BREAM, CASBEE, etc. (Alchimovienė, Reed et al. 2011; Roderick et al. 2009 ). Another important factor influencing the quality of maintenance is the way of building's maintenance, which involves such criteria evaluation as the rights and responsibilities of administrator, record keeping, planning current activities (e.g. cleaning), emergency preparedness, financial plans (planned and unplanned expenditures) (Ho et al. 2012 (Ho et al. , 2008 Yau et al. 2008) .
A key objective of a maintenance process of residential buildings is both providing funds for expenditures related to repairs and planning their spending (Lin, Pan 2014; Christen et al. 2014; Raslanas et al. 2011; Rosenfiels, Shohet 1999) . The main source of the budget which covers repairs in a building are contributions for so -called renovation fund. The problems related to the determination of the amount of the budget providing the appropriate level of maintenance of a building, as well as the optimal allocation of financial resources for renovation, are the subject of many scientific studies. In the literature there are many methods proposed to solve these problems. They are based, among others, on expert systems and artificial intelligence (Juan et al. 2009; Perng et al. 2007; Bucoń, Sobotka 2015) . Many other comprehensive tools to determine the renovation cost, renovation scenarios evaluation are suggested to ensure a proper level of buildings' maintenance. TOBUS (European diagnostics and decision-making Tool for Office Building Upgrading Solutions) developed by Caccavelli and Gugerli (2002) for evaluating office buildings, XENIOS by Dascalaki and Balaras (2004) for hotels and EPIQR (Energy Performance and Indoor Quality Retrofit) developed by Kolokotsa et al. (2009) for residential buildings are the examples.
Recognition and analysis of methods and models proposed in the literature concerning the management of buildings' maintenance formed the basis the authors' study to develop an original method , whose task is to identify the most favourable renovation variant taking into account the limitations of funds availability. The solution suggested by the authors include the extensive evaluation of building's condition, the evaluation of proposed repairs and their selection based on two assumptions. The first assumes that for specific amount of budget, a repair variant with the highest increase of a building's condition is sought. The second one involves achieving the cheapest solutions to get assumed value of building's condition or individual criteria. Additionally, the model allows to determine the amount of repair contribution, to achieve a particular condition of a building assuming different accounting periods. It is possible due to the choice of appropriate amount of renovation contribution tailored to financial resources of residents.
The description of a suggested method
The suggested model consists of five crucial stages demonstrated in Figure 1 . The first one involves extended evaluation of building's condition according to adopted criteria. The next stage is assessing proposed repairs that can be made using a variety of technologies and materials. The third one is determining the most The growth in exploitation condition favorable repair variant for the adopted optimization criteria. The last stage is to determining the amount of monthly contribution for the so-called renovation fund, for the assumed reference period. The detailed description of particular stages of a developed approach together with the description of applied computational methods are set out in sections 1.1-1.3.
The building's evaluation for assumed criteria
For the evaluation of criteria o k , the 'weighted average' method was applied (1), in which particular i-th elements, having the impact on k-th criterion, are assessed with the use of a five-step scale of linguistic evaluations, i.e.: very good VG (5 pt), good G (4 pt), average A (3 pt), bad B (2 pt), very bad VB (1 pt), not evaluated N. The intermediate evaluations can also be applied, i.e.: VG/G (4.5 pt), G/A (3.5 pt), A/B (2.5 pt), B/VB (1.5 pt).
where: w ik , o ik -respectively weight and evaluation of i-th element for k-th criterion, n -the number of assessed elements for every criterion.
Multi-criteria evaluation of building renovations
The evaluation of building elements with the use of linguistic expressions provides the basis for determining necessary renovation works, i.e. repairs. The suggested repairs can affect the improvement of assumed criteria p ij to a varying degree. They can be carried out in many different ways, so-called variants, each of which shows different solution in terms of applied materials, technology and costs of performance. The growth estimation of j-th variant of i-th renovation, in reference to the each of adopted k-th criteria, is conducted according to the equation (2):
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where: o ijk -the impact ofj-th repair on the improvement of the condition of i-th element, adopted to the assessment of k-th criterion, which is assessed with the use of the following linguistic expressions, i. 
where: w k -weight k-th criterion.
The selection of repairs in a building and determination of the amount of renovation contribution
The scope of suggested repairs in a building cannot usually be included in full in the renovation plan, as it exceeds available financial resources which are at administrator's disposal for the renovation purposes. In such a case, the most favorable scope of renovation is sought, among the set of suggested ones
Two concepts of optimization model were developed in order to solve this problem. In the case of the first variant of a model, the solution which can bring the largest increase of condition of a building is sought, expressed using index S, at the budget amount B, being the sum of contributions for a renovation fund s. The evaluation of solution S is conducted on the basis of the equation (6). The search for the best solution is defined by the objective function (4). The solution is the set of renovation variants V whose cost C cannot exceed the financial resources being at the disposal within budget B of financial resources, which is provided in the equation (5). The mathematical model of the described concept is provided in the following way:
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In the second variant of a model, it was assumed that the lowest cost of renovation C is sought to obtain the adopted value of building condition index Q. In order to achieve this, the equation of objective function (4) was replaced by the equation (8):
.
The solution to the second variant of a model is finding the most favorable scope of renovation for the assumed evaluation values of each criterion U k , which is provided in the form of a condition (10): 
Calculation example
The six-storey multi-dwelling residential building was adopted to the analysis, which was made in prefabricated technology whose usable area is P = 4000 m 2 . The assessment of its condition was carried out on the basis of six criteria: k 1 -construction safety, k 2 -energy savings, k 3 -protection against noise, k 4 -hygiene conditions, k 5 -fire safety, k 6 -building appearance. Each of the criteria is assigned a particular scope of elements (column 2 of Table 1 ), which is evaluated with the use of linguistic expressions -see section 1.1. The estimation of weighted average of evaluation of every criterion O k in accordance with the equation (1) required the calculation of the weights values w ik adopted to the assessment of the elements. In order to achieve this, the pseudo-fuzzy scale method (Bucoń, Sobotka 2015) was applied. The outcomes of the evaluations and the calculations of analyzed building are presented in Table 1 . On the basis of the performed evaluation of the condition of elements O ik for each of the six criteria, the scope of renovation was proposed which covers seven repair works that can be conducted in many different ways. The total number of all the proposed renovation variants is 19. Each of them was subjected to the assessment with the use of linguistic expressions described in section 1.2. The estimation of their growth or loss of values, in relation to each of k-th criteria, was performed on the basis of the equation (2). The results of calculations are shown in Table 2 .
The calculation of the value of building condition index (1.96 pt) and the value of its growth r ij required determining the relevance w k of the assumed criteria. The application of the fuzzy extension of method AHP (Jaśkowski et al. 2010 ) allowed obtaining the following values of weights: w 1 = 0.29, w 2 = 0.24, w 3 = 0.09, w 4 = 0.11, w 5 = 0.14, w 6 = 0.13. The outcomes of calculations are presented in Table 2 . Subsequently, the calculations were conducted in accordance with section 1.3. The first variant of the optimization model was used to select the most favorable scope of renovation, which will ensure achieving the growth of building condition index S while limiting the amount of budget B = (100, 200, …, 1300) thousand PLN). The values of evaluations, achieved by particular criteria, were also calculated. The outcomes are shown in Table 3 .
The next task, to the solution of which the second variant of a model was applied, concerns the search for the most favorable scope of renovation that at the lowest cost of performance enables the achievement of assumed values of building condition Q. The calculations were conducted for the assumed values { } 2.5,3.0,..., 4.5 = Q pt. The outcomes are shown in Table 4 .
While applying the second variant of a model, more detailed calculations were also performed. Their aim was to find the most favorable renovation variant of a building to obtain the assumed values of evaluations of each of k-th criteria, adopting the lowest cost of renovation performance C as the optimization criterion. The calculation of the amount of contribution for the so-called renovation fund s(l) was performed on the basis of the obtained values of the building condition index S from Table 4 (for the six highest values). The calculations were conducted on the basis of the Equation (13). The results s(l) for the particular values of exploitation condition are presented in Table 6 . The calculations were performed for nine reference periods l, from 4 to 12 years.
The results listed in Table 6 enable the selection of the most appropriate variant to finance the repairs. It defines the monthly amount of contribution of renovation fund, paid by the residents, in the period of nyears, to achieve by the building the assumed value of the building condition index. 
Conclusions
The method presented in the article is the multi-stage approach to determine the costs of renovation of multi-dwelling residential buildings. Its development required the application of appropriate calculation tools to solve the particular problems at their particular stages. One of them was the application of the linguistic evaluations to assess the assumed criteria of a building and the impact of proposed repairs on the improvement or the loss of their values. At evaluation of criteria of a building, as well as the whole building, the pseudo-fuzzy scale methods and the fuzzy extension of method AHP were applied. The determination of the most favorable scope of repairs in a building was the target stage of the suggested approach. The authors developed two different approaches of optimum selection of renovation variant based on linear programming. The use of each of proposed approaches enables to determine alternative renovation variants to achieve assumed criteria values or building evaluation and the cost of their realization. It also enables to specify the contribution for the so-called renovation fund which would be incurred by the residents in the assumed period. The developed model is matched to the needs of strategic planning of housing estate management. It can also be applied as a tool supporting the work of a property manager in terms of multi-criteria evaluation of condition of a building and the selection of renovation variant with regard to financial limitations. 
